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Abstract: This paper presents an innovative automated system for detecting garbage and spit in public
areas using Convolutional Neural Networks (CNN). The proposed system aims to enhance urban
cleanliness through real-time video analysis, improving detection accuracy and reducing the need for
manual surveillance. Utilizing CNN, the system can identify and classify instances of garbage disposal and
spitting, which are significant public hygiene concerns in urban environments. Upon detection, an
automated penalty system is triggered to ensure consistent enforcement of regulations. This novel approach
integrates existing surveillance infrastructure and provides a scalable solution adaptable to various urban
settings. In addition to discussing the system’s architecture, this paper also explores current research
trends and challenges in deep learning-based object detection systems, particularly in handling small,
irregular objects such as spit. The proposed system not only improves public health by addressing
cleanliness issues but also promotes civic responsibility and adherence to urban hygiene regulations. This
paper reviews state-of-the-art CNN models and identifies areas for future research, including the
challenges of real-time detection under varying conditions and the ethical considerations of automated
penalty systems..
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I. INTRODUCTION

Urban cleanliness significantly impacts public health and environmental sustainability. Traditional manual monitoring
methods, such as routine patrols, are inefficient, labor-intensive, and prone to errors. The rise of smart city technologies
and advancements in deep learning offer a promising solution. This paper proposes an automated garbage and spit
detection system using Convolutional Neural Networks (CNN) integrated with a penalty system.

CNNs have demonstrated superior performance in object detection tasks, making them ideal for detecting violations in
publicspaces. The system identifies instances of garbage disposal and spitting in real time using live video feeds,
facilitating immediate penalty enforcement. The project also aims to reduce manual intervention and improve
compliance with urban cleanliness regulations.

II. ENHANCED LITERATURE REVIEW
Recent advancements in CNN models have enhanced the capabilities of object detection systems. Various models, such
as YOLO [4] and ResNet [3], have proven effective in urban settings. However, detecting spit remains challenging due
to its small size and irregular shape. Limited research has addressed this issue, with Sharma et al. [S] proposing CNN-
based solutions for spit detection, yet improvements are necessary for better accuracy.
This project also draws from automated penalty systems, such as Wang et al. [6], which integrate machine learning to
enforce public regulations. Existing solutions like traffic violation systems provide a foundation for this work.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/IJARSCT-25752 332

7 1sSN

| 2581-9429 |}
R\ UARSCT /7




(/ | IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal y
ISSN: 2581-9429 Volume 5, Issue 9, April 2025 Impact Factor: 7.67

III. SYSTEM ARCHITECTURE AND DESIGN
The proposed system architecture integrates a CNN-based detection model with video surveillance infrastructure. The
video feed from public cameras is processed through the CNN model to detect instances of garbage and spit. The
system follows a modular design with the following key components:
A. CNN Architecture
The CNN consists of multiple convolutional layers followed by pooling and fully connected layers. The model is
optimized for real-time detection, utilizing a combination of YOLO and ResNet features. The design ensures efficient
feature extraction and classification.
B. Penalty Enforcement System
Once a violation is detected, the system automatically logs the instance and generates a penalty notification.
This is done in collaboration with local authorities, ensuring timely and consistent enforcement.
C. User Interface and Scalability
A user-friendly interface is provided for authorities to monitor violations and manage the penalty system. The
architecture is designed to be scalable across different urban environments, making it adaptable to varying
infrastructure requirements.
D. System Diagram
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Figure 1: System Diagram for Garbage and Spit Detection using CNN

IV. FLOW OF MODEL
The flow of the model for the Automated Garbage and Spit Detection system is structured to ensure efficient real-time
detection and enforcement of penalties. The following steps outline the detailed process:

e Video Input: The system begins by capturing live video feeds from strategically placed surveillance cameras
in public areas. These cameras are equipped with high-resolution sensors to ensure clear visibility of potential
littering and spitting activities.

e Frame Extraction: The video stream is processed in real-time, where it is divided into individual frames at a
specified interval (e.g., every 0.5 seconds). This enables the system to analyze a continuous stream of data
while reducing the computational load by not processing every single frame.
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e Preprocessing: Each extracted frame undergoes preprocessing steps, including resizing to a uniform
dimension suitable for the CNN input (e.g., 224x224 pixels) and normalization to scale pixel values. This
prepares the data for optimal performance of the deep learning model.

e  Model Inference: The preprocessed frames are fed into the trained Convolutional Neural Network (CNN).
The CNN utilizes layers of convolutions, pooling, and activation functions to analyze the visual data and
identify instances of garbage and spit. The model outputs bounding boxes around detected items, along with
confidence scores indicating the likelihood of a violation.

e Detection Output: Upon detection of violations, the system checks the confidence scores. If the score exceeds
a predefined threshold (e.g., 0.6), the system registers it as a valid detection. Detected instances are tagged
with relevant metadata, including the type of violation (garbage or spit) and the location coordinates within the
frame.

e Penalty Notification: The system activates the penalty enforcement mechanism. Details of the violation, such
as the time, location, and type of offense, are logged into a database. Automatic notifications are generated and
sent to relevant authorities, such as municipal workers or law enforcement, enabling them to take appropriate
action.

e  User Interface Update: The user interface (UI) is updated in real-time to display detected violations. An alert
system highlights areas with recent infractions, allowing authorities to monitor hotspots for littering and
spitting. The UI also provides historical data analytics, showing trends in violations over time.

e Feedback Loop for Continuous Learning: The system incorporates a feedback loop where data from
penalties issued and user inputs about false positives/negatives are used to retrain and improve the CNN
model. This continuous learning process enhances the model’s accuracy and effectiveness over time.

e Reporting and Analytics: The final stage involves generating reports summarizing detected violations,
responses from authorities, and the overall effectiveness of the system. These reports aid in evaluating the
system’s impact on urban cleanliness and help inform future improvements or adjustments to enforcement
policies.

V. METHODOLOGY
A. Data Collection and Preprocessing
The system is trained on a dataset of annotated images, comprising both garbage and spit in public spaces. Data
preprocessing involves noise reduction, normalization, and augmentation to improve model robustness across diverse
environments.
B. Model Training and Evaluation
Transfer learning is used, leveraging pre-trained CNN models such as ResNet to initialize the network. The model is
evaluated using precision, recall, and F1-score to ensure high detection accuracy.

VI. RESULTS
The system achieved significant improvements over traditional methods, with precision and recall rates exceeding 90%.
The real-time performance was validated through simulations, demonstrating efficient violation detection and penalty
generation within seconds of occurrence.
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Figure 2: Performance Metrics base on detection
Trends in Automated Garbage and Spit Detection System (2018-2023)
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Figure 3: Trend in Automated Garbage and spit Detection System

VII. CHALLENGES AND ETHICAL CONSIDERATIONS
Despite promising results, challenges remain in handling occlusions, varying lighting conditions, and privacy concerns
regarding surveillance. The ethical implications of automated penalties also require careful consideration, particularly
regarding data security and public transparency.

VIII. FUTURE WORK
Future developments will focus on integrating additional sensor data (e.g., thermal imaging) to enhance detection
accuracy in poor visibility conditions. Moreover, edge computing will be incorporated to reduce processing delays and
latency in real-time violation detection.

IX. CONCLUSION

The system developed in this project presents an innovative approach to tackling urban cleanliness by integrating CNN-
based detection with an automated penalty system. This combination significantly enhances the monitoring and
enforcement of public hygiene regulations, ensuring real-time detection and immediate action. While the system is
scalable and adaptable across different urban environments, further research is needed to improve detection accuracy in
challenging conditions, such as variable lighting and occlusions.

The project demonstrates the potential of Al technologies in managing public spaces, promoting cleanliness, and
reducing manual intervention.
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